Abstract Cucumber mosaic virus (CMV) appears to be one of the most widespread pathogens on beans. In the present research, 49 Iranian lines and cultivars of common bean (Phaseolus vulgaris) were screened for their reaction to CMV. Plants at primary leaf stage were inoculated with CMV by rub inoculation and then they were kept in an insect-proof growth chamber at 20°C. Three weeks postinoculation, inoculated plants were assayed based on their symptoms, growth rate, fresh and dry weights and virus titer. Results of the present study showed that a line, D81083, had moderate resistance, six lines and cultivars were found to be tolerant to the CMV and 42 lines were found to be susceptible, these plants exhibited severe symptoms and accumulated high levels of virus titer. However in the present research one moderately resistant line and six tolerant lines and cultivars were identified for use in breeding and cultivation and also for future on researches bean.
Introduction
Common bean (Phaseolus vulgaris L.) is one of the staple crops in many parts of Africa, Asia and Latin America and serves as a source of primary nutrition to millions of people because of its high protein content [16] . In addition to human diet, leguminous crops are used for animal feed and the industrial production of citric acid [37] . Legumes like other crops are attacked by several viral, fungal and bacterial pathogens [14] . Damaging consequences, caused by phytopathogenic virus attacks, are primarily manifested in the form of reduced plant yield, poor product quality, and extinction of infected plants [11, 26] . Virus disease surveys of French bean in Iran has shown the presence of eight virus species namely Soybean mosaic virus (SBMV), Bean pod mottle virus (BPMV), Bean common mosaic virus (BCMV), Bean common mosaic necrosis virus (BCMNV), Bean yellow mosaic virus (BYMV), Bean leaf roll virus (BLRV), Cucumber mosaic virus (CMV), and Alfalfa mosaic virus (AMV) [31] with the dominance of CMV in 10 % of the samples. Though all these viruses have potential to cause severe crop losses but their epidemics depends upon availability of vectors, type of variety and most important time of infection [32] . CMV, a type species of the genus Cucumovirus in the family Bromoviridae, being one of the most common plant virus is known to infects more than 1,300 species across the world [11] .
CMV is a multicomponent virus consisting of three genomic single-stranded RNAs each encapsidated individually in a 28 nm diameter icosahedral particle. CMV is aphid transmitted in a stylet-borne non-persistent manner [12] and is seed borne in some hosts [38, 40] . CMV seed transmission in susceptible bean cultivars is up to 49 % [7] and is retained in the seed for about 27 months during storage [3] . CMV strains earlier described mainly based on host range, symptoms, vectors, serological properties and nucleic acid sequence [26] are currently divided into two major groups (subgroup 1 and subgroup 2) based on serological and sequence similarities [18] .
CMV is the most prevalent virus detected in snap bean fields in some regions [21, 30] . In New York, up to 100 % of plants in some snap bean fields were infected with CMV [23] . The tepary bean (Phaseolus acutifolius) PI 309881 accession had previously been identified as CMV resistant, whereas no resistance was observed in 93 snap beans and 16 dry beans in American cultivars that were evaluated [15] . Recently, four Iranian cultivars Sadri, Shokoufa, Dorsa and Pak have been introduced suitable for cultivation in temperate-cold areas, tolerant to spotted spider mite and suitable for mechanized harvesting, respectively [2, 10, 35, 36] .
RT4-4, a resistance gene, is identified in common bean cv. Othello that offered resistance to bean dwarf mosaic virus [39] , and then it has been shown that this gene causes resistance to other viruses like CMV [28] . Some other resistance genes against CMV in other species were identified; Ncm-1, a single dominant resistance gene, had identified in lupin species [20] , RCY1, a single dominant gene which is found in Arabidopsis thaliana ecotype C24, causes resistance to a yellow strain of CMV [34] .
CMV is difficult to control because of its extremely broad natural host range, and the ability to be transmitted in a non-persistent manner by more than 60 species of aphids [41] . Control of the aphid borne bean viruses through pesticides is impractical, as the aphid vectors complete their life cycle on other plants, such as, alfalfa, lettuce, celery [4, 24, 27] . The only practical solution to these problems is the incorporation of host-plant resistance into beans. Therefore, there is a need to evaluate resistant bean varieties to overcome this disease threat. Consequently, the purpose of the present study was to investigate the reaction of Iranian bean lines and cultivars to CMV.
Materials and methods

Plant materials and virus
Common bean (P. vulgaris) including 49 lines and cultivars were screened ( Table 1) . The CMV strain used in these tests was Fars isolate (provided by Plant Virology Research Center (PVRC), Shiraz, Iran). The virus was maintained on cucumber. Seeds of each cultivar or line were planted in plastic pots containing potting mix (1:1:1, peat moss, perlite, and field soil).
Statistical analyses
The treatments consisted of the factorial combinations of 25 genotypes (cultivars and lines of bean) with and without virus (mock) inoculation. There was two pots per treatments in a completely randomized design. Two plants were evaluated for each pot. Main and interaction effects of experimental factors were determined from analysis of variance (ANOVA) using the GLM procedure in SAS [29] . F tests were conducted using the appropriate error term. Simple effects of virus treatments at each genotype were compared using the SLICE option for the least square means statement of SAS.
Virus inoculations
When the primary leaves were 50-75 % expanded (7 days after seeding), one primary leaf per plant was mechanically inoculated with a triturate of cucumber infected tissue in 0.1 M phosphate buffer (pH 8.5) and carborundum powder. A separate, sterile, cotton-tipped stick was used to inoculate each plant. After inoculation, plants were placed on a growth room (20 ± 2°C, 16:8, light:dark).
Disease evaluations
All plants were evaluated 21 days postinoculation based on symptoms and vigor (leaf area and plant height), top dry and fresh weights, virus titer based on ELISA and the presence of viral RNA in plants. The symptoms score was performed from 0 to 5 ( Fig. 1 ). Finally the reaction of lines and cultivars was clustered based on all morphological, serological and molecular data. The response of bean lines and cultivars against CMV were scaled as: (1) susceptible plants which contained viral RNA and developed symptoms of the disease, (2) tolerant plants which contained detectable amounts of viral RNA but showed a lack of, or delayed, symptoms, and (3) resistant plants which showed neither the presence of virus RNA nor the symptoms of the disease [17] .
Fresh and dry weights
Top fresh weights were determined by cutting the plants at soil level 21 days postinoculation. Plant tops were then dried in an oven at 70°C for 3 days for top dry weight determination. The fresh and dry weights were measured and then were compared to those values from un-inoculated check plants to determine the percent reduction in dry weight.
Virus titer
Indirect-ELISA was performed for detection and quantifying ration of virus titer in the CMV-inoculated lines and cultivars [6] . The second trifoliolate leaves of each plant 21 days postinoculation were taken and tested using a rabbit anti CMV polyclonal antiserum with a 1:350 dilution produced by Plant Virology Research Center (PVRC), Shiraz, Iran. Goat anti-rabbit-IgG alkaline phosphatase conjugate (Promega, USA) was used as secondary antibody with a 1:7,500 dilution. Six replicates were applied for each samples. For this assay the sap from top leaves was extracted in extraction buffer (1:10 ratio) [0.1 M K 2 HPO 4 , 0.15 % 2-bmercaptoethanol, pH 8.5]. Absorbance was measured using an ELISA reader anthos 2,020 at 405 nm. If the OD of plants was equal or more than R (R = X ? 3 SD, X is the mean of negative control, SD is the standard deviation of negative controls) described as infected plants.
RNA extraction
RNA extraction was performed using the RNX-Plus solution (CinnaGen, Tehran, Iran) according to the manufacturer's instructions. Around 0.1 gr of leaf was ground and then one ml RNX-Plus solution was added and after shaking 500 ll of chloroform was added and shaken gently for five min, centrifuged for 10 min at 13,000 rpm, 4°C (Allegra 64R), supernatant was transferred into another RNase free tube. Added one volume of isopropanol, then incubated at -20°C for 20 min, centrifuged at 4°C, 10 min, 13,000 rpm, the supernatant was discarded and the plate was washed by cold ethanol (70 %). The plate was dried and then resuspended in 30 ll of DEPC water and stored at -20°C.
Viral cDNA synthesis and PCR
The reverse transcription was performed using the hyperScript RT premix kit as described by the manufacturer (GeneAll, South Korea). The PCR reaction was performed in a total volume of 25 ll containing: 2 ll of cDNA, 2 unit Taq DNA polymerase (CinnaGen, Tehran, Iran), 0. 
Results
Reaction of lines and cultivars to CMV
Forty-nine lines and cultivars of different types of beans were screened. Resulted data showed that the mechanical inoculation method was efficient enough for inoculation of bean lines. Cultivated bean lines showed different symptoms ranging from no symptoms to severe malformation and necrosis (Fig. 1) . The effects of CMV on length, fresh and dry weights of common bean lines and cultivars are summarised in Tables 2 and 3 , and the reaction of lines and cultivars to the virus 21 days postinoculation is shown in Table 3 . Statistical analysis showed significant differences in disease severity rate among varieties (Table 2) . Morphological and statistical analyses showed that the lines and cultivars were significantly different at 0.05 (Table 2) . Consequently each infected line was compared with its healthy check plants by paired sample T test analysis. Leaf area of the two top leaves of plants were measured by leaf area meter DELTA-T and showed that this parameter was not different at 0.01 and is not a good parameter for screening at post inoculation time. Other parameters used in these assays showed significant difference between healthy and infected plants ( (Tables 2 and 3 ). The other 42 lines and cultivars which were screened, evaluated as susceptible to CMV (Table 3 ). Molecular analysis of resistant and tolerant lines showed virus band in all of them and a 520 bp band was amplified in each case (Fig. 2) .
Discussion
Screening for sources of resistance to diseases is the first step in a genetic improvement breeding program and resistant bean varieties could potentially form the basis of sustainable diseases management strategies. Common bean plants inoculated with virus were considered as resistant if no systemic virus movement or symptoms occurred on any leaves other than the inoculated primary leaf [33] . Resistant plants were normal in size and appearance except for the inoculated leaf, which at times showed symptoms or even died and fell off. Common bean plants susceptible to CMV exhibited symptoms on top trifoliate leaflets and reduction in plant fresh and dry weights, high absorbance at 405 nm, indicating systemic virus movement. The range of symptoms in susceptible plants can vary among plants and also plants might be infected by other seed borne viruses or be influenced environmentally. In the present study, the reaction of 49 Iranian common bean lines and cultivars were assessed to CMV. Because of the detection of CMV in all plants by serology or molecular techniques in repeated experiments, based on these criteria, it was concluded that all the lines and cultivars evaluated in this study were ns not significant *, ** Significant at the 0.05 and 0.01 probability levels, respectively infected by CMV Fars isolate in different degrees. The ELISA absorbance values were considerably different between various cultivars or lines that were assayed. These variable reactions indicated different levels of susceptibility to the virus. Although using ELISA to measure virus titer has been common approach in assessing plant resistance, ELISA results have not always been directly correlated with symptoms and therefore comprehensive quantitative rating system represents a more reliable way for direct measurement of the effect of virus on the plant [33] .
Results of the present study suggest that RT-PCR may provide a more definite criterion than morphological inspection and/or ELISA in the selection of resistant lines. The leaf area data were variable and, consequently, not as useful in grading lines for resistance or susceptibility. When partial resistance was present, the variable reactions were not unexpected [33] . In this research plants evaluated after 21 days based on some researches [33] despite showing difference in morphological parameters including top fresh/dry weights and plant height between control and treated plants, yet for most lines there was non statistical significant difference (Table 3) . It is concluded that plants should checked after longer growth period as suggested by other researchers [5, 12] . This investigation showed that line D81083 had moderate resistance to CMV and the virus was not detected in it by ELISA, while the virus can replicate in this line with low titer. The line D81083 is therefore recommended for breeding program of common bean ( (Table 3 ) and could be used as potential genetic source in bean breeding programs as well and should be checked by insect virus infection in field condition. Morphological and serological experiments suggest that some lines and cultivars may be resistance to CMV but in molecular analysis the CMV-RNA were detected (Fig. 2) . The validation of the reaction of bean lines and cultivars to CMV in the field condition remain to be addressed. Previous study in our laboratory has shown that 21,213 and 21,182 lines are resistant to tomato yellow leaf curl virus [22] , while the result of present study showed that the line 21,213 was tolerant to CMV and the reaction of 21,182 line was susceptible. Moreover, Talash and Derakhshan cultivars have been evaluated as resistant to BCMV [19] , but we showed that Derakhshan cultivar was susceptible to CMV. In addition, it has been shown that line ks51103 is resistance to bacterial common blight (Xanthomonas axonopodis pv. phaseoli) [25] , whereas our result showed that this line was susceptible to CMV. The greenhouse screening is only a quick indication of which lines should be tested further, and the potential resistant lines have to be tested in the field [13] .
Identification markers linked to resistant gene for characterization of resistance genes to CMV and transfer of these genes to tolerant bean plants could be carried out but inoculations with other virus strains may be useful in determining which resistance gene or genes is present.
The identification of the genetic systems responsible for these reduced viral accumulations could enable pyramiding them with other systems controlling different responses and thus enhancing the durability of the resistance [5] . It would be of interest to ascertain the stability of resistance found in D81083 and other resistance lines when cultured at different environmental conditions like variable temperature. In this research, plants were inoculated by mechanical method, some lines may have resistance to insect vectors as was found in other researches for different viruses and different plants [1, 9] . It would be interesting theory to check the interactions between viruses, lines and viral vectors. 
